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What is claimed is: 

1 . A data communication arrangement, comprising: 

a transmit module adapted to convert parallel data words into a plurality of 
5 serial data streams, each of which is carried by a data-carrying line; and 

a receive module adapted to collect, for each data-carrying line, data carried 
from the transmit module by the data-canying lines, and adapted to detect therein a 
frequency compensation code and, in response thereto, align the data carried from 
the transmit module. 

10 

2. The data communication arrangement according to claim 1, wherein the 
receive module continuously checks alignment between the serial data streams and 
autonomously corrects alignment between the serial data streams. 

15 3 , The data commimication arrangement according to claim 1 , wherein the 
receive module includes a retraining sequence delay circuit adapted to delay a 
retraining sequence request and provide a retry data transmit request in response to 
the frequency compensation codes to mitigate skew-caused re-training and 
configuration sequences. 

20 

4. The data conmiunication arrangement according to claim 1, wherein the 
frequency compensation code is a Skip code. 

5. The data communication arrangement according to claim 1, wherein the 
25 receive module includes at least one shift register adapted to shift the serial data 

stream by at least one bit in response to the frequency compensation code. 

6. The data communication arrangement according to claim 1, wherein the 
receive module includes at least one bit-shift pointer adapted to shift the serial data 

30 by at least one bit in response to the frequency compensation code. 

7. The data communication arrangement accordmg to claim 6, wherein the 
receive module includes a direction indicator adapted to provide an indication of the 
shift direction for the bit-shift pointer. 

35 
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8. A data communication arrangement, comprising: 

a parallel word storage circuit having a plurality of parallel to serial 
conversion modules, each parallel to serial conversion module adapted to serially 
transmit a portion of the data from the parallel word storage circuit, each portion of 

40 data transmitted with an embedded frequency compensation code; and 

an alignment storage circuit having a plurality of serial to parallel conversion 
modules, each serial to parallel conversion module ads^ted to receive the portions of 
data from tiie parallel word storage circuit and each serial to parallel conversion 
module connected in parallel to a FIFO, the alignment storage circuit adapted to 

45 provide an alignment detection signal to a data shift circuit in response to detection 
of the frequency compensation code for each portion of data received, and 
adaptively shift the parallel data output from the portions of data in response to the 
alignment detection signal. 

50 9. The data communication arrangement according to claim 8, wherein the 
alignment storage circuit includes a retraining sequence delay module adapted to 
delay a retraining sequence request and provide a retry data transmit request in 
response to the frequency compensation code. 

55 10. The data communication arrangement according to claim 8, wherein the 
frequency compensation code is a Skip code. 

1 1 . The data communication arrangement accordmg to claim 10, wherein the 
SKIP codes are dropped and not placed into the FIFO. 

60 

12. A PCI Egress bus receiver, comprising: 

an alignment storage circuit having a plurality of serial to parallel conversion 
modules, each serial to parallel conversion module adapted to coimect to a PCI 
Express bus line and convert a serial bit stream to parallel data words, and each 
65 serial to parallel conversion module connected in parallel to a FIFO, the aligmnent 
storage circuit adapted to provide an aligrmient detection signal to a data shift circuit 
in response to detection of a frequency compensation code for each serial bit-stream, 
and adaptively shift the parallel data output from tiie serial bit stream in each serial 
to parallel conversion module in response to the aligrmient detection signal. 

70 
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13. The PCI Express bus receiver according to claim 12, wherein the alignment 
storage circuit contmuously checks alignment between the plurality of serial to 
parallel conversion modules and autonomously corrects alignment between the 
plurality of serial to parallel conversion modules. 

75 

14. The PCI Express bus receiver according to claim 12, wherein the alignment 
storage circuit includes a retraining sequence delay module adapted to delay a 
retraining sequence request and provide a retry data transmit request in response to 
the jfrequency compensation code. 

80 

15. The PCI :&q)ress bus receiver according to claim 12, wherein the alignment 
storage circuit uses tiie frequency compensation codes to automatically correct 
synchronization errors between the plurality of serial to parallel conversion modules. 

85 16. The PCI Express bus receiver according to claim 12, wherein the alignment 
storage circuit includes at least one shift register adapted to shift the serial bit stream 
by at least one bit in response to the aligmnent detection signal. 

17. The PCI Express bus receiver according to claim 12, wherein the alignment 
90 storage circuit includes at least one bit^shift pointer adapted to shift the serial data by 

at least one bit in response to the alignment detection signal. 

18. The PCI Express bus receiver according to claim 17, wherein fte alignment 
storage circuit includes a direction indicator adapted to provide an indication of the 

95 shift direction for the bit-shift pointer. 

19. A method for aligning multiple byte lanes, comprising: 

converting parallel data into a plurality of serial data streams, wherein the 
data streams are encoded with frequency compensation codes; 
1 00 transmitting serial data over a plurality of b3^e lanes; 

receiving serial data from a plurality of byte lanes; and 
converting serial data streams from the plurality of byte lanes into parallel 
data, wherein the parallel data is aligned using the frequency compensation codes. 

105 20. The method of claim 1 9, wherein the serial data is transmitted over a PCI 
Express bus. 
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21. The method of claim 19, wherein the serial data is transmitted over a fast 
Ethernet connection. 

110 

22. A data communication arrangement, comprising: 

a means for converting parallel data into a plurality of serial data streams, 
wherein the data streams are encoded with a frequency compmsation code; 

a means for transmitting serial data over a plurality of byte lanes; 
115 a means for receiving serial data from a plurality of byte lanes; and 

a means for converting serial data streams from a plurality of byte lanes into 
parallel data, wherein the parallel data is aligned using the frequency compensation 
code. 

120 23. The data communication arrangement of claim 22, wherein the frequency 
compensation code includes a comma code. 

24. The data communication arrangement of claim 22, wherein the frequency 
compensation code includes a Skip code. 

125 

25. The data communication arrangement of claim 23, wherein the frequency 
compensation code includes a Skip code. 

26 A data communication arrangement, comprising: 
130 a parallel circuit providing data symbols in serial form on a plurality of data 

lines, at least some of the data symbols including codes useftil for frequency 
compensation; and 

an alignment circuit adapted to respond to the codes by aligning the data 
symbols and by removing the codes. 

135 

27. The data communication arrangement according to claim 26, wherein the 
alignment circuit includes a retraining sequence delay module adapted to delay a 
retraining sequence request and provide a retry data transmit request in response to 
the codes. 

140 

28. The data communication arrangement according to claim 26, wherein the 
alignment cfrcuit includes a shift register adapted to reverse shift directions. 



wo 2005/015864 PCT/IB2004/051443 



18 

29. The data communication arrangement according to claim 26, wherein the 
145 symbols include clock mformation. 

30. The data communication arrangement according to claim 26, wherein the 
codes are Skip codes. 

150 31. The data communication arrangement according to claim 26, wherein the 
alignment circuit adaptively shifts the serial data to detect the codes. 

32. A method for de-skewing data, comprising: 

converting parallel data into a plurality of serial bit-streams; 
155 inserting frequency compensation codes into at least one of the bit-streams; 

transmitting the plurality of serial bit-streams over a plurality of parallel b3^e 
lanes, the parallel byte lanes susceptible to data skewing; 
receiving the plurality of serial bit-streams; 
performing a one-bit shift of the at least one of the bit-streams; and 
160 dropping the frequency compensation codes from the at least one of the bit- 

streams before converting the plurality of serial bit-streams back into parallel data. 

33. The method of claim 32, further comprising determining a shift direction 
before performing the one-bit shift. 

165 

34. The method of claim 32, fiirther comprising determining a bit-count before 
performmg a plurality of one-bit shifts, the number of shifts equal to the determined 
bit-count 

170 35. The method of claim 32, wherein the frequency compensation codes are Skip 
codes. 



